We start by introducing some basic tools to characterise coherent states and evolutions. Quantification of quantum coherence. The quantification of quantum coherence starts from the definition of incoherent states, which formalises the intuition that quantum superpositions are non-classical. In this framework, an orthogonal basis of states {|k }, referred to as the reference basis, are considered as classical. Any mixture of such states
with k p k = 1 and p k ≥ 0, is considered classical and termed incoherent. In the frame work of quantum thermodynamics, the classical base are always taken as the eigenbasis {|i } or {|j } of the Hamiltonian H and H . In our experiment dealing with quantum optics, the classical base are taken as the polarisation or the path of a single photon. Note that in our experiments we have i = 0, 1 and j = 0, 1. Given a quantum state ρ, the amount of coherence is always quantified as the distance between ρ and the set of incoherent states. One of the most widely used quantification of coherence is the l-1 norm coherence [36] . For a general quantum state ρ, it reads
where A = Tr[AA † ] denotes the trace norm, and I represents the set of incoherent states. The l-1 norm coherence can also be expressed as
which is the sum of the (absolute) off-diagonal terms of ρ. The l-1 norm coherence quantifies the strength of the interference between |i and |j . For the class of quantum state
which is used in our experiment, the l-1 norm coherence simply reads
Cohering power of a quantum channel The cohering power of a unitary operation U corresponds to the maximal coherence that can be obtained from an incoherent state by U . It can be quantified by the cohering power of a quantum channel [37]
where Λ is a completely positive and trace preserving (CPTP) map and the optimization is taken over all incoherent states. For unitary processes it reads
where U l→1 = max{ j |U ij | : i = 1, 2, 3...}. Considering the unitary process
which is implemented in our experiments, the cohering power can be expressed as
.
B. Theoretical calculation of the fidelity
In this section we provide details on the calculation of the probability distribution obtained for both the CM and the TPM schemes. First, recall that these schemes are defined by the POVMs
which acts on a single-copy ρ, and by
which acts on ρ ⊗2 , and where T off−diag j is the off-diagonal part of T j = U † |j j |U in the {|i } basis. Considering the class of pure states in Eq. (S4) and coherent process in Eq. (S8), the probability distribution of ending at state |j in the unmeasured evolution is given by
and
On the other hand, the probability distribution of the final states obtained from the CM are
where j = 0, 1, and
By inserting ρ = |Φ Φ| and the M
CM with λ = tan(θ) (see main text), we obtain
The fidelity between P (j )
leading to
Similarly, the probability distribution of the final states obtained from TPM measurements read
Considering the state |Φ and TPM measurement
we obtain
Then, the fidelity between P (j )
TPM and P (j ) Id can be computed as
Section S2. Experimental aspects
A. Detail information of the single photon source
In module (a), a 80-mW CW laser (TopMode) with a 404-nm wavelength (linewidth=5 MHz) pumps a type-II beamlike phase-matching β-barium-borate (BBO, 6.0×6.0×2.0 mm 3 , θ = 40.98
• ) crystal to produce a pair of photons with wavelength λ=808nm [37]. After being redirected by mirrors and passed through the interference filters (IF, ∆λ=3nm, λ = 808 nm), the photon pairs generated in spontaneous parametric down-conversion (SPDC) are coupled into single-mode fibers (SMF) separately. One photon (H-polarised) is used for the experiments and the other (V -polarised) is detected by a single-photon detector (SPD) acting as a trigger. The total coincidence counts are approximately 1.0 × 10 4 per second.
B. Detail information of the state preparation
In this section we describe the state preparation module in details. A half wave plate with rotation angle α can implement the unitary transition in Eq. (S8) on a polarisation or path-encoded quantum state of a single photon. For generating the one-copy qubit pure state, we set the rotation angle of half-wave plate 4 (H 4 ) to α, yielding |Φ in Eq. (S4), where we note that p 0 = | cos 2α| 2 and p 1 = | sin 2α| 2 . Thus the desired qubit state is prepared. For experimentally generating identically two pure qubit product state, we take advantage of the multiple degrees of a single photon, encoded in polarisation and path. Initially, a single-photon |H is generated. It passes through H 1 with a rotation angle α, resulting in a pure polarisation-encoded qubit state in Eq. (S4). Then, the photon passes the beam displacer 1 (BD 1 ), the H component is displaced into path 0, which is 4 mm away from the V component in path 1, resulting in a path-polarised entangled state
Following, H 2 with a rotation angle of 45
• flips the V -polarised photon to a H-polarised photon, resulting in a product state
where |Φ denotes state in Eq. (S4). Finally, the second copy is encoded into the polarisation degree by setting H 3 to α, thus generating the desired state |Φ ⊗2 . In our experiments, we use the convention {|0 , |1 } ≡ {|H , |V }.
C. Experimental data
Experimental data for two experiments are list in Table S1 and S2. Here,F CM (F TPM ) denotes the fidelity between unmeasured final states and the transition probability obtained from CM scheme (TPM scheme). For the experiment conducted with different process and a fixed maximally coherent input |+ = (|0 + |1 )/ √ 2, we use the class of unitary process Eq. (S8). Results are tabulated for various configured values of β and cohering power C, where we recall that cos 2 2β = 2 sin 2 θ and C[U (θ)] = | sin 2θ|. For the experiment conducted with pure states with various initialized coherence and a fixed coherent process U (π/6), we experimentally prepare |Φ in Eq. (S4). Results are tabulated for the rotation angle α of H 1,2,3,4 , where cos 2 2α = p 0 and sin 2 2α = p 0 . 
